also named hypocretins) are recently discovered neuropeptides made exclusively in the 20 hypothalamus. Recent studies have shown that orexin cells located specifically in lateral hypothalamus 21 (LH) are involved in motivated behavior for drugs of abuse as well as natural rewards. Administration of 22 orexin has been shown to stimulate food consumption, and orexin signaling in VTA has been implicated in 23 intake of high-fat food. In self-administration studies, the orexin 1 receptor antagonist SB-334867 (SB) 24 attenuated operant responding for high-fat pellets, sucrose pellets and ethanol, but not cocaine, 25 demonstrating that signaling at orexin receptors is necessary for reinforcement of specific rewards. The 26 orexin system is also implicated in associations between rewards and relevant stimuli. For example, Fos 27 expression in LH orexin neurons varied in proportion to conditioned place preference (CPP) for food, 28 morphine, or cocaine. This Fos expression was altered accordingly for CPP administered during protracted 29 abstinence from morphine or cocaine, when preference for natural rewards was decreased and drug 30 preference was increased. Additionally, orexin has been shown to be involved in reward-stimulus 31 associations in the self-administration paradigm, where SB attenuated cue-induced reinstatement of 32 extinguished sucrose-or cocaine-seeking. Although the specific circuitry mediating the effects of orexin on 33 food reward remains unknown, VTA seems likely to be a critical target for at least some of these orexin 34 actions. Thus, recent studies have established a role for orexin in reward-based feeding, and further 35 investigation is warranted for determining whether function/dysfunction of the orexin system may 36 contribute to the overeating associated with obesity. 37
Introduction

43
The neuropeptides orexin A and orexin B (also denoted hypocretin 1 44 and hypocretin 2) were discovered in the late nineties and are 45 synthesized solely in hypothalamic neurons [1, 2] . Sakurai et al. hippocampus, thalamus, midbrain and spinal cord [4, 5] . Furthermore,
54
OxR1 and OxR2 are widely distributed throughout the CNS but are 55 largely non-overlapping and are regionally selective [6] [7] [8] [9] .
56
Orexin has been implicated in feeding behavior, in keeping with the 57 location of these cells in the area of lateral hypothalamus (LH) 58 specifically associated with feeding. The initial study by Sakurai et al.
59
[2] demonstrated that central administration of orexin A or orexin B into 60 the lateral ventricle stimulated food consumption, which prompted 61 them to name the new peptides "orexin", meaning appetite [2] . 62 Furthermore, this study showed that prepro-orexin mRNA is upregu-63 lated following fasting [2] . Subsequent studies confirmed that orexin A 64 stimulated feeding, whereas systemic administration of the OxR1
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83 dogs [21, 22] . Later work in humans showed that narcoleptics (with 84 cataplexy) lack orexin in their CSF and lack most orexin neurons in 85 posterior hypothalamus [23] [24] [25] . Together these findings led to the view 86 that the orexin system is involved in arousal and maintenance of the 87 waking state. In support of this view, additional findings showed that 88 orexin neurons send dense projections to brain arousal areas including 89 the locus coeruleus, tuberomammillary nucleus, and basal forebrain 90 cholinergic system [4, 5, 26, 27] and that orexin application typically 91 strongly activates these cells [17, 28, 30] . Together, the findings that the 92 orexin system is involved in both feeding and arousal led to the 93 hypothesis that the primary function of this system was in promoting 94 arousal in response to food deprivation and in a fashion to promote food 95 consumption [1, 2] . Recent studies, however, have investigated a 96 possible role for orexins in reward-seeking for food and drugs of 97 abuse independently of deprivation. As discussed below, this reward-98 associated function of the orexin system may be separated from its role 99 in homeostatic feeding and maintenance of the arousal state, and may be 100 mediated by a separate population of (laterally located) orexin neurons. Therefore, this review will focus on orexin's role in reward-based 113 feeding and will only briefly highlight studies involving drug reward. inhibited by local injection of SB into VTA but not by injections of SB into 127 arcuate nucleus or paraventricular nucleus of the thalamus (Fig. 1) .
128
These findings demonstrate that orexin signaling in VTA is involved in 129 stimulating intake of a rewarding high-fat diet even in sated rats. together, these findings suggest that the orexin system is involved in 135 DAMGO-induced intake of high-fat diet through via a projection from
136
NAc to hypothalamic orexin neurons, which in turn project to VTA.
137
Previous findings also showed that high-fat diet intake induced by 138 inactivation of NAc shell caused increased Fos expression in LH; this 139 high-fat diet intake was suppressed by NMDA antagonism in LH [38, 39] .
140
These findings suggest that a neural pathway linking the NAc and LH is 141 involved in reward-based eating in sated rats. (Fig. 2) . In this study, rats were trained in standard press) to obtain a sucrose reward (45 mg sucrose pellet) during daily food-restricted to 85% of their free-feeding weight (Fig. 2) projections to the LH [57] . Together these findings suggest that 264 projections from NAc and/or amygdala may stimulate orexin neurons for cocaine preference in C57BL/6J mice [62] .
310
The orexin system also plays a role in the ability of conditioned 311 stimuli to elicit cocaine-seeking behavior [43, 63] . In these studies, rats (Fig. 6 ) [63] . These results correspond with previous findings that SB SB was compared to vehicle treatment in the same animals using a within-subjects design. Note that SB significantly decreased presses in food-restricted, but not in ad libitum fed, rats. individual rats that expressed a high preference for ethanol (Fig. 7) 
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380
[47]. In these studies, preference was characterized in one of two 381 ways: 1) alcohol acquisition method or 2) individual differences. In to drink sucrose which is gradually replaced with ethanol [72] .
387
By training separate groups to drink using each of these tech-388 niques, we found that SB decreased ethanol drinking and preference To identify the neural substrates underlying such altered hedonic morphine abstinence as compared to naïve rats (Fig. 8) [73] . Taken 432 together with the results described above, these studies indicate that 
Discussion
472
As described above, orexin is involved in reward-based feeding.
473
Central orexin administration stimulated free-feeding in sated rats cortex, as well as sensorimotor cortex, striatum, and amygdala [93] . Percentage of LH orexin neurons expressing Fos following preference testing for food, morphine, or cocaine in a CPP paradigm. Some animals were implanted with morphine or placebo pellets for 2 weeks, remained in their home cages for 5 weeks, and then underwent CPP conditioning for morphine or food [73, 76] . Naïve animals underwent CPP conditioning for cocaine, or had no conditioning at all. Note that a higher percentage of LH orexin neurons exhibited Fos in withdrawn animals than in placebo-pelleted animals following morphine CPP testing. Conversely, a lower percentage of LH orexin neurons exhibited Fos in withdrawn animals than in placebo-pelleted animals following food CPP testing. Cocaine, morphine, or food CPP testing increased Fos expression in LH orexin neurons, as compared to non-conditioned controls. Taken from [31] . behaviors. Importantly, the suppression of locomotor activity for SB 569 occurred primarily following the transition to resting [11] . 
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